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Abstract

We calculate the lepton distribution in the reaction
e+e“ + (Higgs boson) + (dilepton) mediated by a neutral gauge boson.
Propagator effects favor a slow dilepton for which the study of the
joint angular distribution of 2+ and % is an attractive experimental
possibility. This distribution is found to be a sensitive probe of the

ZZH vertex.



Neutral Higgs bosons are essential ingredients in gauge theories of the
weak and electromagnetic interactions with spontanecus symmetry breaking. The
possible detection and study of these particles at the next generation of
e$em colliding beam machines is of great experimental and theoretical interestgl'z'B
The direct detection of Higgs particles is expected to be difficult because they
couple most strongly to the heaviest available channels which will cascade into
complicated multi-particle final states. Much attention has thus been devoted to
the indirect detection of the Higgs as a peak in the missing mass spectyrum recoil-

ing against the dilepton produced in one of the following reactions mediated by

real (2) and virtual (2%*) neutral gauge bosons:

+ = + -

e e = Z > HZ* > HR % (1)
ete” > g% > uz > mtL” 2)
ete” » gzw > HZ* - H£+2m (3)

These reactions were first investigated in the Weinberngalam4 {(WS) model by
, 5 7 ) .
Bjorken , Ioffe and Khoze6, and Jones and Petcov , respectively. Predicted

cross sections are in the picobarn range for M., = 10 GeV, and decrease

H

. . . ) 1
substantially with increasing MHB A study of rates and backgrounds at LEP )

indicates that reaction (1) will be observable up to MH =~ 50 GeV and reaction

(2) up to MH 2~ 100 GeV. The observation of a peak of the predicted size

in the missing mass spectrum of e+e$ %-R+RE X would be strong evidence for the
existence of a Higgs boson. However, alternative interpretations for such a peak
existS, and even if elementary scalars are produced in this way there may be
several Higgs bosons and/or the appropriate gauge group may be larger than

SU(2) @ U(1) so that the rate turns out to be different from that of the WS
model. It will be important to confront further characteristics of such events
with theoretical predictions. It addition to energy and mass spectra, which are

particularly sensitive to propagator effects, one can consider the angular



distribution of the leptons, which is directly sensitive to the nature of the

727ZH vertex. A feature of processes (1) - (3) that is important for the measure-
ment of the leptonic angular distribution is the fact that propagator effects
favor a final state Z or Z* that tends to move slowly in the laboratory so that
the final lepton momenta are not highly collimated. Calculations of the dilepton
mnass (ML) distribution for reaction (1) (Eg. (8) below with /s = MZ) show that
the 2% is preferentially produced with a mass close to the endpoint mass,

M

1

Z MH°9 For MH << Mz the crogs section for reaction (2) (Eg. (6) below with

il

ML MZ) peaks atB Vs ~ M_ + /2 M_ and for M_ ~ M_ the cross section peaks at

% H H 2

Vs ~ 2.2 Mzs In the kinematic region where reaction (3) is of possible interest,

ML < MZ < Vs, propagator effects similar to those encountered in reaction (1)

favor dilepton masses close to /s - MH°
Reactions (1} - (3) are all examples of the same basic process, illustrated
in Fig. 1, specialized to three different kinematic regiOﬁs}O We assume that the

process is mediated by a single neutral gauge boson (generalization to several

Z's is not difficult). The relevant interaction Lagrangians are £ = 1/2 gHZvZVH

278

and £QQZ = Yv (g, + Ip yS) U] Zv, We will frequently use the coupling constant

v
. . 2 ; .
combinations C+ = gé + gA and C_ = 2 gv Iy In the WS model the coupling constants

. 2
are gH =KM, g = (1/4 - XW)KF and gA = =1/4K where XW = gin GW and

Z \Y

K = e/sin@wcosewe We refer to the CM frame angular distribution of the dilepton
{equivalently, the decaying Z oxr Z* in Fig. 1) as the "production” angular
distribution, and the distribution of Q+ and % in the dilepton rest frame as
the "decay" angular distribution.

For unpolarized beams and vanishing lepton masses the predicted pro-
duction angular distribution, integrated over decay angles, is

L) AL dole’e” + Hz*) )

) i D(Mi) d{cosd)

do(e’e” > HY
d{cosB)d (M

vl +



Here € is the dilepton production angle with respect to the beam axis,
; L ; . o, 2 2 2 2
IEQM) = C M/127m is the L 2 width for a 2* of mass M, and D(M ) = | M EMZﬂ%lfTMg

where TT i8 the total width of the Z. Also,

2
ao(e’e” »mzr) I 4 O 5)
d{cost) 167Vs D(s)

s R R , ¥ T, ,
ig the differential cross section for e &€ -+ HZ* with a 2% of mass ML and

1/2 2

3-momentum O = A (siMI,Mi)/ZVEL A relation equivalent to Eg. (4}, but for a

qa initial state, has been given by Finjord et alell Wherever possible we
express our results in terms of ML and Q so that the qualitative consequences of

a slow dilepton, Q gb%f are apparent. Using Egs. (4) and (5) we can make contact

with previous results on reactions (1) and (2). The integrated form of Eg. (5),

2 2 2
_ g.. C, 0(3M + 07)
6(e+e > HZ*) = H_*+ L (6)

247 Mi /s D(s)

+.=,
reduces to the cross section of Ioffe and Khoze6 for e e -~ HZ when ML = MZQ

The corresponding integration of Bg. (4) gives the cross section for

+ - - , 2
e e - HL & per unit M :

I
do(ete” » ') 2w T L) ATy, 7
2 ' 2
d(ML) D{s) d(ML)
where
2 2 2
g 9y C, © GM + 0
5 = 3 5 (8)
a) 288 s D(M7)

4o
is the differential width for the decay of a Z* of mass /s into HL & . For
- e .
Vs = M, Eq. (8) is equivalent to Bjorken's expressionS for the H{ 4 width of

an on-gshell Z.
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The QZ factor multiplying sinze in Bg. (3) results in a production
angular distribution which is rather flat. More pronounced structure is pre~
dicted for the‘decay angulaxr distribution. We have calculated this distvibution
in the Jackson frame and in the helicity frameelz In the Jackson frame the
initial e momentum lies along the positive z-axis, and in the helicity frame
the final Higgs momentum lies along the negative z-axis. The positive y-axis
in either frame is defined to lie along the normal to the production plane,

P, ¥ P

Py X B The two frames are thus related by a rotation about the y-axis, but

the angle of rotation depends on the CM frame production angle so that the final
distributions in the two frames, integrated over production angle, are not simply
related. We denote the polar and azimuthal angles of the final state 2" in
either dilepton rest frame as SF and ¢F where F = J or H. The predicted dis-

tributions are,

ao
an_a )
ja L

F
, Oy ReY (0 ,0.) (9)

where the non-vanishing texrms in the sums are,

2 F
gy Q By Vs, M)

7

a. (Vs, M) =

M L 3.2%. 0772 /5 e D(Mi)
J H ) 2
800 = Boo = 4c) (M + Q°/3)
J 2 2

810 = 2 /3¢ M

J 2

811 = =V3/2 m C_ oM

S 2 2,2

Byy = (2c7//5) (i - 207/3)
g9 = -(/3 1 c?//I0) oM

21 + L



o e

H 2 2 2.1/2
611 = V3/2 m C_ M M+ 9 )
Hoo_ 02 2

B, = ~(4c}/3/5) o

Ho 2 2

B,, = (2/2 ¢\ /V15) M

The integrated version of Eq. {9) is of more direct experimental interest.

This is,
QoL awd . (10)
aq, a0 a )

where the integration limits depend on which reaction is being considered. We
L. , F F
denote éU/dQF by an expression similar to Eg. (9) but with aLM replaced by OLMO

For reaction (1), with a beam energy spread small compared to FT'

M - )2
& = z H d(Mi)(x

0

F
i My Mp)

. . 2, .
For reaction (2) we integrate over ML in the neighborhood of ML Ay MZ° Only

2 . . T . . .
D(ML) varies appreciably within the resonance width so in this case,

F F
= 7T M_ o Vs
Yy p My Oy (V80 M)

. . . - 2 2
For reaction (3) the integration limits are 0 < M < (Vs - MH) .

L
To display the relative size of the various terms in dG/dQF we define the

. . F " L
normalized coefficients 0 = o, /0

M w00 In an analogous way we can define

anintegrated production angular distribution obtained by integrating Eq. (4) in
the manner of Eg. (10). This has the form,

MELM o (1 + v4m pglg yzo)

d(cosh)

. e P
For reaction (1) the coefficients QLM are

, CM H
where one finds that pzo = szD

functions of MH/MZ’ and for reaction (2) they are functions of Q/Mzs The L = 2



coefficients are independent of Iy’ Jy and 9y but the smaller L = 1
coefficients depend sensitively on X since they are proportional to (1/4==xw)2
times large numerical factors. For reaction (1) there is also a parametyic
dependence on TT/MZ, but this is ogly important for very small Higgs masses,

MH < O(TT)° Calculated values of piM for reactions (1) and (2) are shown in
Figs. 2 and 3. For L = 1 we have used Xeg = 0.23. For reaction (1) we have

used FT/MZ = 0.03. In Fig. 3 we give results up to Q/MZ = 1; for MH:;O(M the

Z)
peak rate for reaction (2) is well within this range. At Q = 0 the Jackson
frame angular distribution of Eg. (9) is proportional to that for Z-mediated
+ - t.= 2 2 2 .

ee > L& L, i.e., C+ (1 + cos GJ) +2C cosSJu This accounts for the large
values of ng and p§2 seen in Fig. 2 for small MH’ and in Fig. 3 for small Q.

In obtaining dO/dQF we have integrated over production angles and dilep-
ton masses, in effect assuming uniform lepton acceptance. A realigtic calculation
for a specific detector would require these integrations to be weighted by the
experimental acceptance, and this will lead to (calculable) distortions in the
angular distribution. 1In particular, there are terms proportional to

2

2 . . . . . .
C, Re ¥ and C Y. which can contribute to the decay angular distribution in
4 -

21 10

the helicity frame if the acceptance is non-uniform.

All of the above results apply to unpolarized ei beams. It is expected
that the SLAC Linear Collider will have a polarized electron beaml3 and there
exist various possibilities for polarizing both LEP beamsl4e Longitudinal
polarization in either or both beams has the effect of replacing the Ci
factors from the initial vertex by polarization-dependent coupling constant
combinations. This affects the overall magnitude of the production angular
distribution and scales all of the coefficients DiM by a common factor, but

. . F . . .
leaves the coefficients pZM unchanged. Simultaneous transverse polavrization



in both beams induces an azimuthal dependence in the production angular
distribution, but like the sinze term it is proportional to Q2 and is
correspondingly suppressed. Transverse polarization has no effect on the
decay angular distributions of Eq. (2). The effect drops out due to inte-
gration over the azimuthal production angle.

Our interest in this investigation developed from stimulating dis-
cussions with Tan Hinchliffe. Our work was supported by the U. S. Department
of Energy under Contract No. W-7405-ENG-48. RLK acknowledges the hospitality

of the CERN Theory Division where part of this work was done.
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Figure Captions

Fig. 1. Feynman diagram for reactions (1) - (3).
Fig. 2. BAngular distribution coefficients for reaction (1).

Fig. 3. Angular distribution coefficients for reaction (2).



w1l

XBL 809-4413

Figure 1
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Figure 2



=] 3=

XBL8OIO-2173

Figure 3






